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(57) ABSTRACT 

Disclosed are a vertical MOS transistor Which loWers the 
gate resistance, improves the high frequency characteristics, 
and improves the yield compared With a conventional one 
and a method of manufacturing the same. When gate voltage 
is applied to a gate electrode, a channel is formed in a body 
region along a trench, and electrons or current ?oW(s) from 
a drain layer to a source layer. Here, a gate in the trench has 
a laminated structure of a polycrystalline silicon ?lm and a 
metal silicide. Therefore, a gate resistance is loWered and the 
high frequency characteristics are improved. Further, 
according to the structure and the method of manufacturing, 
a concave portion generated at an upper portion of the gate 
in the trench When etching for forming the gate is less liable 
to be generated, and thus, malfunction and insu?icient 
reliability due to the concave portion can be avoided. 

3 Claims, 5 Drawing Sheets 
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VERTICAL MOS TRANSISTOR AND A 
METHOD OF MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a vertical MOS transistor 
having a trench structure and a method of manufacturing the 
same. 

2. Description of the Related Art 
FIG. 2 illustrates a schematic sectional vieW of a conven 

tional vertical MOS transistor having a trench structure. A 
semiconductor substrate is prepared in Which a lightly doped 
layer 2 of a ?rst conductive (or conductivity) type is epi 
taxially groWn on a heavily doped substrate 1 of the ?rst 
conductive type to be a drain region. Then, a diffusion region 
3 of a second conductive type referred to as a body region 
is formed from a surface of the semiconductor substrate by 
impurity implantation and high temperature thermal treat 
ment at 1000° C. or higher. Further, from the surface, a 
heavily doped impurity region 7 of the ?rst conductive type 
to be a source region and a heavily doped body contact 
region 8 of the second conductive type for the purpose of 
?xing a potential of the body region by an ohmic contact are 
formed and are connected to a source electrode 7a and a 

body electrode 8a, respectively. Here, since a potential of the 
source region of the ?rst conductive type and a potential of 
the body contact region of the second conductive type are 
usually the same, they are laid out so as to be in contact With 
each other in FIG. 2. The source electrode 7a and the body 
electrode 8a are connected With each other through a contact 
hole, not shoWn in the ?gure, for electrically contacting the 
tWo regions. Then, a trench 4 is formed by etching single 
crystalline silicon through the source region of the ?rst 
conductive type. A gate insulating ?lm 5 and polycrystalline 
silicon 6 containing a high concentration of impurity to be 
connected to a gate electrode 9a ?ll the silicon trench. The 
heavily doped region of the ?rst conductive type on a rear 
side of the semiconductor substrate is connected to a drain 
electrode 1a. 

The above structure can function as a vertical MOS 
transistor in Which current from a drain formed of the 
heavily doped region of the ?rst conductive type on the rear 
side and an epitaxial region of the ?rst conductive type to a 
source formed of the heavily doped region of the ?rst 
conductive type on a front side is controlled through the gate 
insulating ?lm on a side Wall of the trench by a gate buried 
in the trench. This method can accommodate both an N 
channel type and a P channel type by appropriately making 
the conductive types N or P. 

Further, the vertical MOS transistor having the trench 
structure has a characteristic that, since a channel is formed 
completely vertically, the transistor alloWs application of a 
method for a ?ner transistor. 

Abasic structure of such a vertical MOS transistor and a 
method of manufacturing the same are schematically dis 
closed in, for example, US. Pat. No. 4,767,722, etc. 

HoWever, such a structure of a vertical MOS transistor 
and a method of manufacturing the same have the folloWing 
problems. 

First, in the vertical MOS transistor manufactured by the 
conventional method, as illustrated in FIG. 2, an upper 
portion of the polycrystalline silicon ?lling the trench is 
concave. Such a concave portion is formed in a process of 
removing by etching back the polycrystalline silicon ?lm 
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2 
deposited in the trench and on the semiconductor substrate 
until the surface is planariZed. The concave portion is 
formed because, While the polycrystalline silicon ?lm is 
deposited as illustrated in FIG. 10 and grains groW vertically 
on the gate insulating ?lm in the trench, a border betWeen 
grains formed When the grains come in contact With one 
another at a center line 11—11‘ in the trench has a higher 
etching rate than that in other regions of the polycrystalline 
silicon. 
When the etching back of the polycrystalline silicon ?lm 

is carried out excessively, even polycrystalline silicon in 
contact through the gate insulating ?lm With the body region 
Where the channel in the trench is formed may be removed, 
Which may result in blockage of an operation of the tran 
sistor or result in formation of a void When a ?lm is 
deposited thereon in a later process. Especially When the 
transistor is operated at a high temperature, a crack may be 
generated from the void to break the transistor itself. Thus, 
there is a problem that the etching back of the polycrystalline 
silicon ?lm has to be carried out under suf?cient control. 

Secondly, since a gate electrode of the vertical MOS 
transistor having the trench structure is formed of polycrys 
talline silicon, there is a problem that a gate resistance is 
high and such a tendency groWs especially as the transistor 
becomes ?ner. This impairs the high frequency characteris 
tics. Generally, When the transistor is operated at a frequency 
of 500 kHZ or higher, a delay in sWitching and loWered 
ef?ciency become nonnegligible. 

SUMMARY OF THE INVENTION 

In order to solve the above problems, according to the 
present invention, a vertical MOS transistor is characteriZed 
by a semiconductor substrate of a ?rst conductive type, an 
epitaxial groWth layer of the ?rst conductive type formed on 
the semiconductor substrate, a body region of a second 
conductive type formed on the epitaxial groWth layer, a 
trench formed through the body region of the second con 
ductive type so as to reach an inside of the epitaxial groWth 
layer of the ?rst conductive type, a gate insulating ?lm 
formed along a surface of the body region and a Wall surface 
and a bottom surface of the trench, a polycrystalline silicon 
gate formed in the trench so as to be in contact With the gate 
insulating ?lm and surrounded by the gate insulating ?lm, a 
metal silicide gate as a ?lm formed in the trench so as to be 
in contact With the polycrystalline silicon gate and sur 
rounded by the gate insulating ?lm and the polycrystalline 
silicon gate, a source region of the ?rst conductive type 
formed on the surface of the body region and around the 
trench so as to be in contact With the gate insulating ?lm, a 
gate electrode connected to the polycrystalline silicon gate 
and the metal silicide gate, a source electrode connected to 
the source region, and a drain electrode connected to the 
semiconductor substrate. 

According to another aspect of the present invention, the 
vertical MOS transistor is characteriZed in that a ?lm other 
than a metal suicide is formed in the trench so as to be in 
contact With the polycrystalline silicon gate and surrounded 
by the gate insulating ?lm and the polycrystalline silicon 
gate, the other ?lm being formed of a silicon compound. 

According to still another aspect of the present invention, 
the vertical MOS transistor is characteriZed in that the ?lm 
formed in the trench so as to be in contact With the 
polycrystalline silicon gate and surrounded by the gate 
insulating ?lm and the polycrystalline silicon gate is espe 
cially a silicon oxide ?lm. 

According to yet another aspect of the present invention, 
the vertical MOS transistor is characteriZed in that the ?lm 
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formed in the trench so as to be in contact With the 
polycrystalline silicon gate and surrounded by the gate 
insulating ?lm and the polycrystalline silicon gate is espe 
cially a silicon nitride ?lm. 

According to still another aspect of the present invention, 
the vertical MOS transistor is characterized in that the ?lm 
formed in the trench so as to be in contact With the 
polycrystalline silicon gate and surrounded by the gate 
insulating ?lm and the polycrystalline silicon gate is espe 
cially a metal ?lm. 

In order to attain the above, a method of manufacturing a 
vertical MOS transistor is characteriZed by comprising the 
steps of forming a body region of a second conductive type 
from a main surface of a semiconductor substrate of a ?rst 
conductive type by injection and thermal diffusion of impu 
rity of the second conductive type, forming a trench by 
carrying out anisotropic etching from a region on the body 
region Where a trench is to be formed through the body 
region of the second conductive type to an inside of the 
semiconductor substrate, forming a gate insulating ?lm 
along a surface of the body region and a Wall surface of the 
trench, depositing on the gate insulating ?lm a polycrystal 
line silicon layer having a thickness of half or less of the 
Width of the trench, forming on the polycrystalline silicon 
layer a metal silicide layer as a ?lm having a thickness of 
more than the difference betWeen half of the trench Width 
and the thickness of the polycrystalline silicon layer, etching 
the metal silicide layer, etching the polycrystalline silicon 
layer to form a gate in the trench, and forming a source 
region of the ?rst conductive type on the surface of the body 
region and in contact With the gate insulating ?lm. 

According to another aspect of the present invention, the 
method of manufacturing a vertical MOS transistor is char 
acteriZed in that a ?lm other than a metal silicide is formed 
on the polycrystalline silicon layer, such as a silicon oXide 
?lm. 

According to still another aspect of the present invention, 
the method of manufacturing a vertical MOS transistor is 
characteriZed in that the ?lm formed on the polycrystalline 
silicon layer is a silicon nitride ?lm. 

According to yet another aspect of the present invention, 
the method of manufacturing a vertical MOS transistor is 
characteriZed in that the ?lm formed on the polycrystalline 
silicon layer is a metal ?lm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic sectional vieW of a vertical MOS 
transistor according to the present invention; 

FIG. 2 is a schematic sectional vieW of a conventional 
vertical MOS transistor; 

FIG. 3 is a schematic sectional vieW of a process of a 
method of manufacturing the vertical MOS transistor 
according to the present invention; 

FIG. 4 is a schematic sectional vieW of a process of the 
method of manufacturing the vertical MOS transistor 
according to the present invention; 

FIG. 5 is a schematic sectional vieW of a process of the 
method of manufacturing the vertical MOS transistor 
according to the present invention; 

FIG. 6 is a schematic sectional vieW of a process of the 
method of manufacturing the vertical MOS transistor 
according to the present invention; 

FIG. 7 is a schematic sectional vieW of a process of the 
method of manufacturing the vertical MOS transistor 
according to the present invention; 
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4 
FIG. 8 is a schematic sectional vieW of a process of the 

method of manufacturing the vertical MOS transistor 
according to the present invention; 

FIG. 9 is a schematic sectional vieW of a process of the 
method of manufacturing the vertical MOS transistor 
according to the present invention; and 

FIG. 10 is a schematic sectional vieW of the conventional 
vertical MOS transistor after polycrystalline silicon is 
deposited; and 

FIG. 11 is a schematic sectional vieW of a vertical MOS 
transitor according to another embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Embodiments of the present invention are noW described 
With reference to the draWings. 

FIG. 1 is a sectional vieW of an N channel vertical MOS 
transistor according to the present invention. Asemiconduc 
tor substrate is prepared in Which a lightly doped layer 2 of 
a ?rst conductive type is epitaXially groWn on a heavily 
doped substrate 1 of the ?rst conductive type to be a drain 
region. Then, a diffusion region 3 of a second conductive 
type referred to as a body region is formed from a surface of 
the semiconductor substrate by impurity implantation and 
high temperature thermal treatment at 1000° C. or higher. 
Further, from the surface, a heavily doped impurity region 7 
of the ?rst conductive type to be a source region and a 
heavily doped body contact region 8 of the second conduc 
tive type for the purpose of ?Xing a potential of the body 
region by an ohmic contact are formed and are connected to 
a source electrode 7a and a body electrode 8a, respectively. 
Here, since a potential of the body contact region of the 
second conductive type and the potential of the body contact 
region of the second conductive type are the same, they are 
laid out so as to be in contact With each other in FIG. 1. The 
source electrode 7a and the body electrode 8a are connected 
With each other through a contact hole, not shoWn in the 
?gure, for electrically contacting the tWo regions. These are 
structured in the same Way as those of the conventional 
transistor. Then, a trench 4 is formed by etching single 
crystalline silicon through the source region of the ?rst 
conductive type. A gate insulating ?lm 5 is formed in a 
U-shaped form on an inner Wall of the silicon trench such 
that the gate insulating ?lm 5 covers a side Wall and a bottom 
surface of the trench and has an internal U-shaped void 
therein. Polycrystalline silicon 6 containing a high concen 
tration of impurity is ?lled in a U-shaped form inside the 
internal void of the gate insulating ?lm in the trench so that 
the polycrystalline silicon 6 itself has an internal U-shaped 
void With a sideWall and a bottom surface. Further, metal 
silicide 9 is formed inside the internal void of the polycrys 
talline silicon 6 ?lm in the trench so as to be in contact With 
the polycrystalline silicon 6 along the direction of the trench. 
The polycrystalline silicon 6 containing a high concentration 
of impurity and the metal silicide 9 are connected to a gate 
electrode 9a. The heavily doped region of the ?rst conduc 
tive type on a rear side of the semiconductor substrate is 
connected to a drain electrode 1a. 

The above structure can function as a vertical MOS 
transistor in Which current from a drain formed of the 
heavily doped region of the ?rst conductive type on the rear 
side and an epitaXial region of the ?rst conductive type to a 
source formed of the heavily doped region of the ?rst 
conductive type on a front side is controlled through the gate 
insulating ?lm on a side Wall of the trench by a gate formed 
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of the polycrystalline silicon and of the metal silicide and 
buried in the trench. This method can accommodate both an 
N channel type and a P channel type by appropriately 
making the conductive types N or P. 
A method of manufacturing a vertical MOS transistor for 

implementing the present invention is noW described With 
reference to FIG. 3 With regard to an N channel type 
transistor by Way of example. First, a semiconductor sub 
strate having the plane aZimuth of 100 is prepared (FIG. 3) 
Where an N type lightly doped epitaxial layer 2 at a thickness 
of several pm to several tens of pm With P doped at a 
concentration of 2e14/cm3 to 4e16/cm3 is on an N type 
heavily doped substrate 1 With As or Sb doped so that a 
resistivity is 0.001 Q-cm to 0.01 Qcm. The thickness and a 
concentration of an impurity of the N type epitaxial layer are 
arbitrarily selected depending on a required drain-source 
Withstand voltage and current driving ability. 

Then, by implanting B and then carrying out heat treat 
ment for the purpose of forming a region to be a body of the 
vertical MOS transistor, a P type body region 3 having an 
impurity concentration of 2e16/cm3 to 5e17/cm3 and the 
depth of several/pm to ten plus several pm is formed. Then, 
a single crystalline silicon is exposed in a region Where a 
trench is to be formed With an oxide ?lm or a resist being a 
mask, and anisotropic etching is carried out by RIE to etch 
the silicon all the Way through the body region. In this Way, 
the trench is formed. 

Then, edge portions of the trench are rounded by a 
Well-knoWn method such as high temperature sacri?cial 
oxidation, isotropic dry etching, or the like. After that, a gate 
insulating ?lm is formed on a side Wall and a bottom surface 
of the trench (FIG. 4). 

Then, as a process speci?c to the present invention, ?rst, 
the polycrystalline silicon 6 containing a high concentration 
of impurity is deposited at a thickness according to a Width 
of the trench so as not to completely ?ll the trench (FIG. 5). 
For example, When the Width of the trench is 0.8 pm, the 
polycrystalline silicon is deposited to a thickness of 0.2 pm. 
The polycrystalline silicon containing a high concentration 
of impurity may be formed arbitrarily such as by implanting 
the impurity using thermal diffusion or ion implantation 
after polycrystalline silicon containing no impurity is depos 
ited or by introducing the impurity While the polycrystalline 
silicon is being deposited. 

Then, a ?lm of a refractory metal such as W, Ti, M0, or 
the like is deposited to a thickness suf?cient to completely 
?ll the trench. By carrying out annealing at a high tempera 
ture in an nitrogen atmosphere for silicidation, such a metal 
silicide ?lm is formed on the polycrystalline silicon ?lm and 
inside the polycrystalline silicon ?lm in the trench (FIG. 6). 
Alternatively, a metal silicide ?lm similar to the above may 
be deposited and annealed as necessity arises. For example, 
When the polycrystalline silicon is deposited to a thickness 
of 0.2 pm With regard to the Width of the trench of 0.8 pm, 
by forming the metal silicide ?lm to a thickness of 0.2 pm 
or more as described above, the inside of the trench can be 
completely ?lled. 

Then, after an oxide ?lm on the metal silicide ?lm is 
removed as necessity arises, the metal silicide ?lm in regions 
other than in the trench is removed by etching back With gas 
having high selectivity With regard to the polycrystalline 
silicon (FIG. 7). Here, though there may be a case Where the 
metal silicide ?lm in the trench is excessively etched to form 
a concave portion, since there is a margin of the thickness of 
the polycrystalline silicon ?lm With regard to a trench 
surface of Si, over-etching up to that amount does not matter. 
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6 
For example, in the above example, there is a margin for the 
over-etching of 0.2 pm Which is the thickness of the poly 
crystalline silicon. 

Then, the polycrystalline silicon exposed by the above 
etching of the metal silicide ?lm is removed by etching back 
With gas having high selectivity With regard to the metal 
silicide ?lm (FIG. 8). This process can be carried out Without 
loWering a throughput of the tWo kinds of etching by 
changing the conditions of the etching in the same chamber. 

Here, since a polycrystalline silicon ?lm and a metal 
silicide ?lm have good adhesion to each other, and strong 
adhesion can be obtained especially When silicidation 
annealing is carried out, the interface betWeen them is not 
etched faster than other regions When the polycrystalline 
silicon is etched. In other Words, there is no place Where the 
etching rate is locally higher as in the conventional case 
illustrated in FIG. 10. Therefore, a concave portion as 
illustrated in FIG. 2 is less liable to be generated. 
Accordingly, problems such as blockage of an operation of 
the transistor due to excess over-etching of the polycrystal 
line silicon to remove polycrystalline silicon on a channel, 
or a crack caused by formation of a void in a later process 
and insuf?cient reliability based thereon do not occur. 

Next, as in an ordinary manufacturing process of a MOS 
transistor, As for forming a heavily doped source region is 
implanted, B or BF2 for forming a heavily doped body 
contact region is implanted, and they are activated (FIG. 9). 

Then, as in an ordinary manufacturing process of a MOS 
transistor, an intermediate insulating ?lm is formed, contact 
holes are formed, metal Wirings are formed, and a protective 
?lm is formed, though not shoWn in the ?gures, to form a 
main portion of the vertical MOS transistor. 

The vertical MOS transistor according to the present 
invention having the above-described manufacturing pro 
cesses and the above-described structure has the folloWing 
characteristics. 

First, since the gate has a laminated structure of the 
conventionally used polycrystalline silicon ?lm and the 
metal suicide ?lm, the gate resistance value can be loWered 
to 20% or less of that of the conventional art With only the 
polycrystalline silicon ?lm. Especially, since the metal sili 
cide reaches near the channel at a bottom portion of the 
trench, the inversion/depletion operation of the channel is 
fast, and turn-on characteristics and turn-off characteristics 
are improved. This alloWs a faster vertical MOS transistor, 
and operation at the level of MHZ can be carried out 
effectively. 

Secondly, since, as described above, the gate has a lami 
nated structure of the polycrystalline silicon ?lm and the 
metal silicide ?lm, and they are etched under different 
conditions of the gas, a concave portion or a void is not 
generated at an upper portion of the gate, and thus, decrease 
in the yield due to malfunction, insuf?cient reliability, and 
the like can be suppressed. 

Especially, the latter characteristic of the above can be 
implemented also by a structure illustrated in FIG. 11, Where 
an oxide ?lm 12 is formed instead of the metal silicide 9 
formed inside the polycrystalline silicon ?lm in the trench. 

The manufacturing processes are schematically described 
in the folloWing. First, as illustrated in FIGS. 3—5, a body 
region of a second conductive type is formed on a semicon 
ductor substrate having a heavily doped impurity region of 
a ?rst conductive type and a lightly doped epitaxial region 
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of the ?rst conductive type. Then, a trench through the body 
region is formed, edge portions of the trench are rounded, a 
gate insulating ?lm is formed on an inner Wall of the trench, 
and polycrystalline silicon containing a high concentration 
of impurity is deposited at a thickness so as not to com 
pletely ?ll the trench. 

Then, the oxide ?lm is formed by oxidiZing the polycrys 
talline silicon through thermal oxidation until an inside of 
the polycrystalline silicon in the trench is ?lled. The oxide 
?lm is etched back so as to leave only the oxide ?lm inside 
the trench. 

After that, as illustrated in FIGS. 8 and 9, the polycrys 
talline silicon ?lm is etched back under different conditions 
of the gas from those With regard to the above etching of the 
oxide ?lm to form a heavily doped source region and a 
heavily doped body contact region. Then, an intermediate 
insulating ?lm is formed, contact holes are formed, metal 
Wirings are formed, and a protective ?lm is formed to form 
a main portion of a vertical MOS transistor. 

In this case also, since a gate has a laminated structure of 
the polycrystalline silicon ?lm and the silicon oxide silicide 
?lm, and they are etched under different conditions of the 
gas, a concave portion or a void is not generated over an 

upper portion of the gate, and thus, decrease in the yield due 
to malfunction, insuf?cient reliability, and the like can be 
suppressed. 

Such a ?lm formed inside the polycrystalline silicon in the 
trench is not limited to the oxide ?lm described above. By 
adopting etching conditions such that the etching selectivity 
rate With regard to the polycrystalline silicon is high, other 
silicon compounds such as a silicon nitride ?lm may also be 
applied. Further, as long as strong adhesion to the polycrys 
talline silicon ?lm can be obtained, a metal ?lm may also be 
adopted. In this case, the best effect can be obtained With 
regard to loWering the gate resistance. 

According to the present invention, the gate resistance of 
a vertical MOS transistor can be remarkably loWered to 
improve the high frequency characteristics. Further, since 
malfunction and insuf?cient reliability due to over-etching 
When a gate is formed can be suppressed, the yield can be 
improved and the price can be loWered accordingly. 
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What is claimed is: 
1. A vertical MOS transistor comprising: 
a semiconductor substrate having a ?rst conductivity type; 

an epitaxial groWth layer having the ?rst conductivity 
type formed on the semiconductor substrate; 

a body region having a second conductivity type formed 
on the epitaxial groWth layer; 

a trench having a sideWall extending through the body 
region of the second conductivity type and having a 
bottom surface disposed inside of the epitaxial groWth 
layer of the ?rst conductivity type; 

a gate insulating ?lm formed of a ?rst gate material and 
extending along an upper surface of the body region of 
the second conductivity type and the sideWall and the 
bottom surface of the trench and having a U-shaped 
form so as to de?ne a U-shaped void Within the trench; 

a polycrystalline silicon gate partially ?lling the internal 
void of the gate insulating ?lm; 

a second gate material comprised of one of a silicon oxide 
?lm and a silicon nitride ?lm ?lling a remaining portion 
of the internal void not ?lled by the polycrystalline 
silicon gate so as to be in contact With the polycrys 
talline silicon gate and having a sideWall and a bottom 
surface that are surrounded by the gate insulating ?lm 
and the polycrystalline silicon gate; 

a source region of the ?rst conductivity type formed in the 
upper surface of the body region of the second con 
ductivity type and around the trench so as to be in 
contact With the gate insulating ?lm; 

a gate electrode connected to the polycrystalline silicon 
gate and the second gate material; 

a source electrode connected to the source region; and 

a drain electrode connected to the semiconductor sub 
strate. 

2. Avertical MOS transistor according to claim 1; Wherein 
the ?rst gate material comprises silicon oxide. 

3. Avertical MOS transistor according to claim 1; Wherein 
the trench is formed in a U shape. 

* * * * * 


